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Abstract of J P1 1200090 

PROBLEM TO BE SOLVED: To form an anodically oxidized 
film having uniform fine pores and to produce a 
nanostructural body applicable to a high function device by 
anodically oxidizing a film contg. Al formed on the electrically 
conductive surface contg. Ti, Nb or the like of a substrate till 
it reaches the electrically conductive film. 
SOLUTION: On the surface of a substrate 10 such as quartz 
glass, an electrically conductive film 11 essentially consisting 
of any of Ti, Zr, Nb, Ta, Mo, Cu, Zn, Au, Pt, Pd, Ni, Fe, Co 
and W and excellent in heat resistance is formed to a 
thickness of about 1 0 nm to 100 &mu m by vapor deposition. 
On the surface, a film 12 essentially consisting of Al is 
formed by plating or the like. This sample 41 is arranged in 
an electrolyte, and voltage is applied to the space between 
an Al film 12 and the cathode as the counter electrode to 
anodically oxidize the Al film 12. At this time, after the 
change of the anodic oxidation current showing the arrival of 
the anodic-oxidation at the electrically conductive surface is 
detected, the anodic-oxidation is stopped. In this way, An Al 
anodically oxidized film 13 having parallel, many fine pores 
14 of nanoholes at almost equal intervals is formed. 
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u. Pt. Pd. Ni. Fe. C oSl/W*\P>SI*H-5 
1 ofl>7cm$^tr^il11SS^fii?tf=S(*<D 
LfcT;U £ - A^^fcdroPiSitlb 
£. Piffi^<bmatA<^<bLfcie^l=f$JtLfcJi&lcliSffl 

S>-otz„ 

[00 5 2] c<D«fca'5f^mA t »t)*ti>seai±a^b^-c? 

^„ C<Dt#(=^at±a®A<0lJx.l*T i . Z r. Nb. 
T a RUM o *\ t>^l**U-5{J»5f <tt1 O0>5t^£^t; 

#^1±SST5fcofcli^i-(i$fflfl.«fflJ©|ii1SK<b^liK{ 

mixmn&mzfa'oxWi&L. mmtemmzmtfi-rz 

[0053] tLxcn&^tei-sm&tt&lJafiti. tL 
■S^-C?fc-5i:#x.f>*i.-5o -?-Lria5(DA(c^Lfcllffi 

itibiiss^p ^ T-(Mz3n,*xn$tmtf-jzmizia3L l 
tzmzmmskitz f?it-r s c t l tkt'± 

[0054] wOS«icfc^riiPi«i^bm5itA< I mA 
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/cm2 yLTizuitzBf&vmmmitz&iftzzttf 

[0 0 5 5] -*SSttaffi*<A u. Pt. Pd. N 

i. Fe, coRtfwfrt>jsis;h..g>'>>tE< ti, 1 ^©tc 

THDm&omm-Q&ztmmztiz. ^tzmm\±mm*< 
*><£<b l tzmmz mmmit z z^tiz&^xmn 

•5. ^l=m3ft*HE$Sfi-r^#<DS3S*lK(ili5 0mA/' 

[0056] ^/fltigttroffl&KiEi;-*:. TfSd) at; 

d) tKT^'T K->^«iS 

If #3. flUSItm. ;S&. (=«fe 

y y ;us*i» * -r * c t A<T? # * „ 

[0 0 5 7] e) ^*-VU|*9l::&|g. 
±fB&CD*l|jH* c ) Md) ©■J-y' ;H 4I-&II. 
¥3H*£3fc«-r-5C<kA<-r?#£o cWGBmfUbSWj:* 
StlC.fc&N i . F e . Co. Cd/j^(D%« (D. A I 
— Mawlawi et. a I . J. . Mater. 
Res.. 9, 1 0 1 4 (1 9 9 4) , tffl ffe WtM 
tam Vol43, 798 (1992)). Sggfc#JH<D 
(C. A. Huber et. ai. SCIENC 
E 263.800 (1994)). I -cfc 

WiFe, Ni. Co3fe«0>#&(Z>0IJ£fclf.5£. 
ft-ftl F e S O 4 . N i S04. C o S O 4?K^iR^ffl 

l*fcS#*rtbfc£*<3*lf 6>=h..5>. 132 e) l:tiUt 
I*. *«*M 5 It A I B&4Sia<blll 3£iil:IoW 

[0 0 5 8] fl&Lfctifcy. 4:^1*. StttL-C. 
Ti. Zr. Nb. Ta, Mo, Cu. Z n 0>l>-f tlfr 

»sitr. *a>it#ii. -biBgjtxfucjtei^-c. m 

a) £«B§U b' ) g<*1 0±lZA I 

11 2£ff£fiTf £C<t-Ctt*44 1 ,tL. KTFc) ~e) 



[0 0 5 9] 

[SS6«] KIT. ^<fe«(c < fcy*&8jj£*ttittic^ 
B^roffiHrt-e^Mt? * -5 1 CDT? fc-5. . 

[0060] mmm 1 

<S4 Omm. ft£ 1 5mm<DH5S£«£ 5ttfflIL. % 

S@l=B^^5i«L<l*X/^v^^l=J;-orT i. z 
r. Nb. Taat/MoSI* I 0 0 nmCfiEILfc. 

nm(c/$^Lfc-hlrfiE^Ur. ^SttSS^ 
^-•5:E3SSffi£*#fc,, :*l-=&*©#S1±aE-blcX/W 

[006 1] El4ir^Lfc(lffi^b^g^fflUNrT;us 

•>a*»«*mv as7Kai=«t yaffil * 1 7°cic« 

}#L. H®^bSIE^DC4 0 Vt LTPl1SiHbB;j8t£ 
&&L-3-3Plfi!IM;£*Tfcof=„ *-0>*£HEl5<7)A|::* 
LfefiKI=HHUt1bMiftfr t> 8 tt&KPHSigltBiffijWfiT 
Ltetf). 1 0#&[cli I mA/cm2 JilT<t ^Pofc^ 
ffiSHbSteibLfc. Jfcive. TKT-7-f Kilt LTU> 

^5w t %^ir3 o»ragiLta. *$rt.&t/-< 
[0062] ^a>^-y«ig«:(7)a®$^S5cms2S!m 

^USSS (fe-sem) "C«a^L. SfcKrS^iSjaiJ 

B^s«« (tem) tatifc. ^roass. ftt'o>m 
nmm<j>mmtt. me (a) ic^Lfc«i=/\°x mm 

1 6$SLTW:. Sfcfflftl 4liISA^5 0nm© 

ffi&Ti*iiffl-ci9-&Rtt#fflft-efey. #SKD*aa*<iKi 

1 0 0 nmOPifjPa-eSlMcSFfTtc. E.ol$lSlfF B 1llT'ffi 
5iJLTUfc. ^fcT^S-^AKl^KBI^aoT^b 

[0 0 6 3] (C|*7cm»«flC*-3T^ 

Sg£*i*:o citl4|!iffi^^b*<7;^5^'!7AKS®A^t,^ 
^l=itffL. «*?Wlc#mi±S®l=liJ^Lf=ff>*,=fcll«i 

^^^(+•5 c t iz& •oT^ait^H^SDS-r •s**^ 

*ffl*U£SPcD|llffiit<blB&+ * lo r aefLJSSPlciS] i x ffiSfc 
i *,L<liNb(Di§&l£. HS^bmat^'n^r'f^O 

M'>*<.iid*-efcy . «fc y ^-4-aafl.A<^BK**tr^*i: 

[0 0 6 4] JtK^Jl 

mmmMzt$i*xmn\±m&£mm?z&mi§£w. f 

e. Ni. Pd. P tSt/Aul=»^.fcja*l-li^Sfe<J>Jl 

^SLfc. *icnj£«iii tmmo>&mzx7)i>3.-t> 
AK^PiS^b^ff^LN. 05a»ci=^-r4iic|iiffi^k 

[0065] tmnrnm 1 «bi^«(=/Kr rM Koffia. 
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&tf*i$£fT$:o*:&. F E-S EMStfT EMTift 
[0066] J±$£0i] 2 

Sltfl 1 i:SivtMtt*M$z nitfc ui:*x.fe 
"r«l=B«ilft«a[35<-*±*Lfc*«TLfc1 o#& 

[0067] xmmmm 1 £H«c:?K7"7-f Ko>a«. 

&tf*;$£f7fc:of-&. F E-S EMJtfT EMT?*ffl?L 

<Dtt»«MKLfc. *<DIML IMH1bK4>a*fl.l=f* 

[00 6 8] HSS« 2 

[0 0 6 9] -?Ut>*>. RSBW&5m i nfc % A I 
RO)«0(E^P^T-f;U*<lHlttLfci:C^-C (H5(D*H3 
X) . DCllOISt'JS^jitftl^fe. 
V hOfi(i5m i n tta>natt4b«3Kfia) 1 .. 2ft(Dflt 
tLTRJlLfc. *<Dtta>*ftl4* ttW)1*tf2» 

[0 0 7 0] FE-SEMlg0)3|SI, J±R#J 1 Rlf2 

ni6b) ic^Lfc^aic^^ffln^sattssic^-e 
[0071] mz&xo)-rsm&mz*tLxo. i 4m 

ON i SO4 Stfo. 5MOH3 BO3 ^6ft«MX 
1. 5 ViL^5«t^«ffi-t?»^f<D«ITLa)ie»lcN i 

[0072] mmm3 

[0 0 7 3] *HSfc#Jia4. K»t LTIslT(Dta)*ffl 

3M6«3-1:0. 5mmK<DN i fiftttl=8«1£IR£ 
LTMotEBlf|Cj:iJ I /imSILfco 



HSSW3-2 : 0. 5mmI(?)MoSJS*iLTffl 

[0 0 7 4] -t*L-?+La>K»a>Mo»K±. XliMoS 
<*±|CA I I^EBlflC^y 1 . S^mMLfc. i 

cc*Cfc. (iL. HHHfc4ba>K7(*« AB4>« « 
lcBMHHb©«3K^P7T-fJU*^-*-L. MWb 
3&<W«ttKH*-CSja It l>£ c £ *^"T«a3t'>«. 

«ffiBHn*#jt* coiliHTLfc. 
[0 0 7 5] FE-SEM«»lCcfcy. *HJS0l]a>-*> 
^tillfctCi, i6 (a) icLJfrTcfcSttA I 

PWMMb-*-y*--ju*«. **i«ta>*«»*±(::fMt* 

[007 6] Jt«« 3 

a i wi&nmms tmmo&ftv i o#MMUMbLT 
03 (a) iz^Ltzm&zmrz+sm&fr&mtzo - 

[007 7] ±IB*J6«3&l/J±««3 cfcy. T3l#<b: 

l r mt eg 1 x-tkl tzttnommtm * @ESf £-<tc: 

*y. ffiB0>*<*J:(=A 1 ««mb^--/*— ^tUMd-C 
MHUk-t-S VKDB*. si/0>3R£ft<« A 1 

lBtoR«^«£**i**:tf>* **i6*it^Hae=fefcy 

[00 7 8] *38ifc«<D<fcdl::* n«tt1b«9K£ 

■hT* cilery. B«*</^t»«t«ci^ ^ 
*Btt»«lHba>Bia*"i-*^fcA<T?#fc. 

[007 9] HJfefllJ 4 

®mi£R£ LTIi, 1^200 nm(0T i 
(S6J6«4-1) . Sl/Nbl (Hffi^i4-2. 3) * 
mi^tzo A I RttRVtt* 500 nmtLtz 0 it 
i$fl|4£LT. Lt* A l ■«DUfe4>^rPWl 

K<b LfcH 3 b ) omm&umzmi* Ltz Q 

[0 0 8 0] c) IflltSAtfd) #79-fK»D 

*fc«ic:*i:fc. *fc«4-3i::J3lvctt. 
RttfcftlC, 2%H2 . 9 8%H e(DS5cHSa* 
T?500°C. I hr0)MISlLf: o 

[008 1 ] e) «?L%tt 
IMBiK79-f h # M«ll7Lfc»>^fc 0. 14 
M N i SO4 „ 0. 5M H3 BO3 ^b^illRS 

[0 0 8 2] itK^j4(CfcLNTlim^{C- 1 5V£Ui<7> 
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4- K 4-2. 3fCfcl>Tli. lt«#d4(Clt^<T. * 
P^^umffilc^LT. - 1 1. 5 V<hlN3(6l^IE 

fee F E — S E MS§8SUs 07 (a) 

^Lfco IW«)5Onm0RttttiSl?Ll:N i *<?fcifi£ 

*VCfcy. C(DN i 3fc«*fflfL*<£iSu »Bnm<D«BI«-(? 

5&M£ftl$PL. 1217 (b) JKB* 

&£-?n i *JtSL^ns6«ij4-3(cfctxT(i. mnm 
[0 0 8 3] ccDSiico^T^trr^ic. ;u 

3 b) (c^-f^-y Jh— ^H6<D/<U-V— JB3 2*<JEJS£$& 
(f«-*. ^flSffllCfcl^TI*. 06 a) ic^-Tcta 
ic. *mjS«(c/<x 1 6 ^£-e. /^x*<^Si^ 

[0 0 8 4] 4-3(Cfcl\Tfi3a7ci!BS (7k 

tztz*>. mmm 4 - 1 . 4-2. 4-3fcfcur. m 

[0 0 8 5] 

Bit LTI£IS£ I /imONbi (H*fc#j5- 1 ) , Ti 

■ (mmms-2) . cum (mmm 5 - 3 ) % pti 

(HS60IJ5-4) % Co§| (H8S#j5-5) Sffll^c 



t/Til*3SD6«K Cu. Pt, Cott*Jfi«2ir*i: 

[0 0 8 6] tt««5i:Lr, A I ffi£5m i nlHRllg 
MbLfclB3 (a) H>«J«<0*^^U*ffl*Lfc. Jttft 

jft**T?»«ttftLfcH3 (b) (Dmmw^zfjiszm 

SLfro A I ©Kill* I Jim. Plffi&<bB#fiSf* 5 m i n 

[0087] mtttmmmoN bT?i$t/ 

7h— ;U*. He§iS*17 2 0 0 6 C^b1 100 0 C(DS 
H-C I h<D»«l3!£fHV FE-SEMt=«fcyMMMb 
*«KLfco BiSl/- H*5°C/m i n&Lfc. 

[0 0 8 8] JtK«5, 6T?MLfcB3 (a) , 
(b) (DA I _t-*-/*— JU* % A I Oi*iS (6 3 0°C) 
2OO-5OO°C0®li:Lyco H:««5;Rtf 

6f*ifeas«ii*. Hf*iH3a) . b) cdimk£*l 
xwztf. 3 o o o cmm&L±<bmmm&mz»mi±. m 
umtBLm (a imawbtyt^) i=b*>*l*±c 

[0 0 8 9] *HS60fJO«mtt^^T?I^Lfe 

[0 0 9 0] UTF<D«1 CMICJ:^ MftSIStt 
[009 1] 

[«1] 



a 1 









HfifiM5- 1 


Nb 


1100 tJE{ _t 




Tl 


600-900 <C5gflr 




Pt 


500-700 °C@& 




Cu 


400-500 




Co 


400-500 tIK 



[0092] ctiicty, *«siSfl>5?attK±-^y*— 

[0 0 9 3] *f=, TEMSfCJ;^ MItO)A I 



[0094] SIJ5S0!] 6 

A. H u b e r *<D#;*<t l^«fc#;i^:fcR^#^i*# 
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"C, H u b e r £>l±8 0 O o C£-C0>ilfcfll3I£fr oTU-S 
*f6M<D^-/«jitt:*fflU^C < »:-t? 1 1 0 0°C*t? 

[0 0 9 5] C*l(=«fcy, <£afcj£0>&B In. S n. A 
I (S a. To. GaSb, Bi2 TeJ ) & 

BJj l= Jfc ^ T (*^- y A<a?Stt#*4<7>± icffig * tiT 

L^-Sfcft. yixtigmttig (NbXttPt) 

[0 0 9 6] 

[f£Bja>ayii] ui±SiBjLfcJ;5ic. *f|Bjicj;y, jjjl 
1 ) «m<DSttUifc®toTi9-fc#&<&3fflH£^f -SA 

2) #S#±fc;|i<6Ti9-##^a>*ifL£*-f &A lH 
ffiiHblg£^fi!c-e#-5o -J-v'*— ;urt(c$|gt 

3) ^BS(z*?f=y-^y *— ;ko;U?$*<iq-^a i|@ 
[0 0 9 7] CHbli. A I H1IiHblg££S;**fcfiS 

[E1] *«BS©^-yliittt:ro«it^^-r«l^:l2-C&o 
(a) fi@, (b) I* (a) ©AAf£BJr®l!T?& 

[El 2] *f6BS©^-y«iatt:(DSigxg^*-rm56»r® 



0T?fcoT. a) l*fitt;-tl=j!?Sttlg£J&»ffiLf=i:- 
5. b) li^Stt^±l=A 1 ZHtiMt-j-ZmZtefliL 
c) liAlli^ISIbU -*-//T<-;u£J& 
iSLfcirC^. d) (iz-KT^-T K->-^ffliai=J;y^->' 
*-;Mi£j£lffc<tc;*K a) iti-s *-;Uc^It L 

[H3] ttJtEWA 1 « (&) ±(DA1 P11iIHb|g(D«ig 

^^-rusBsiii-c. a) a i&zm&mitLtzm&nmm 

b) fifittUKDA i^£ii*S-r?imigfci,fci§^ 
<7>BfS0. c) A11S (E) icJfcfiSLfc^/ *— ./ua>** 

[0 4] m®Mikms.£3LBji?ztztbo)mm®x-&>z<, 

[El 5] mmmittif<DMXL?nz>7'(ji,(D#!m£ii^-7 

[06] *S6BJ3(D!ifi60i) 1 33J=i;ilJS<5!l3<D^-y1«jttt: 
0)*iTL)SSPro^ ^ *-T«lBSI2l fe -5 . 
[07] *«Bfl(D^S6«lj4a)^-y1«ig«:<OifflTL)Sa5©fl^ 

mzmi-mmmv* (a) i*aaft^^±i~3t«Lfc^ 
(b) itmno^m^-o^tmLtzmm^yp-r. 

1 o at* 

1 1 ^SfiEK 

12 A 1 2±f£Kk-r%S% 

13 A 1 PUSiUbH 
1 4 fflTL 

1 5 

1 6 /<X 

1 7 SHbBjJg 

3 1 A 1 tS 

3 2 /<'JT— M 

4 o nsn 
4 1 urn 

4 2 * V— K 

4 3 mm& 

4 4 

4 5 S31 

4 6 n$m 
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tea 1 3 



imz] 



(a ) 



oooooooooo 

ooooooooo 
oooooooooo 

ooooooooo 
oooooooooo 



f 



"1a 



14 mi 



C b) 



14 m 



13 ALffitS&ftg* 



! / 2R 

\Hh J H 

iir 



ii 



10 3f* 



C a ) 



(c ) 



C d ) 



C e ) 



11 

. io m* 



— 12 ALBS 

U ^WRffiK r 41 



14 aei 




faiino.ii 



13 AlRU&ftfUB 

ii mmnsm 




[0 3] 

Ca ) 
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[04] [05] 




— 8 mln B£fffl 

[H6] 

[07] 

14 am 




ft) 
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immBi spfigi 0^1 1A13S 
i^mmiE 1 1 
[*fjE&&s&g] m® 



[ftliE*i*81«] ±ia 



[an 



I2l 



(a ) 



r 



oooooooooo 

ooooooooo 
oooooooooo 

ooooooooo 
oooooooooo 



f 



14 



C b ) 



14 mfi 



is Aimmmm 



11 ZSBffigl 



10 2£<* 



[04] 



( a ) 



(b) 



Cc) 



(d) 



C e ) 



11 
10 

12 ALBS 

ii mmwx 

io tm 



Y 4i m\ 



14 mi 




13 Alfi&«feftK 

11 i 

10 &ft 



14 am. 



13 Aif&mim 
ii *mi±& 

10 



14 W?L 




IE 



15;fc«tf 

13 Al8§J5gWt« 

11 

10 



[05] 



41 ttf* 



40 



T 



46 mm 



42 *V-H 



4 



-45 
Va 



v 43 mtm 



44 EtS«« 




— 8 min 
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[0 3] [0 6] 
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